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8-Hydroxy-2'-deoxyguanosine (8-0HdG) is a muta-
tion-prone (G:C to T:A transversion) DNA base-
modified product generated by reactive oxygen 
species or photodynamic action. G:C to T:A transver-
sions are observed in the p53 and ras genes of UVB-
induced skin cancers of mice and in squamous and 
basal cell carcinomas of human skin exposed to sun-
light. In the current study, 8-0HdG formation was 
evaluated in the epidermis of hairless mice after 
repeated exposure to UVB, and possible mechanisms 
involved were studied. Exposure of hairless mice to 
either 3.4 [2 minimal erythema dose (MED)] or 16.8 
(1 0 MED) kJ/m2 of UVB three times a week for 2 wk 
induced a 2.5- or 6.1-fold increase, respectively, in 
the levels of 8-0HdG in DNA, compared to the 
unexposed controls. Au immunohistochemical 
method using a monoclonal antibody specific for 
8-0HdG showed stronger and more extensive stain-
U V irradiation is known to cause DNA damage and is thought to be respons ible for sunlight- induced skin cancers (Ananthaswamy and Pierceall , 1990). , Previous studies suggested th at pyrimidine photo-{ products playa major role in mutation and carci-
~ nogenesis caused by ul traviolet light (Drobetsky el aI, 1987; Keyse 
d ai, 1989). Several reports, however, pointed out that types of 
mutations that are not supposed to be caused by pyrimidine 
photoproducts are observed in the human skin cancer of sun-
exposed areas (van der SchroeB:- elal, 1990; Pierceall et aI, 1991) and 
, UVB-induced murine skin cancer (Nishigori el aI, 1994). This 
implies that DNA damage other than the formation of pyrimidine 
photoproducts could be responsible for the UVB-induced muta-
tions, 
Since carotenoids, scavengers of reactive oA],gen species (ROS), 
suppr ess experimentally UVB-induced skin tumors (Mathews-
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ing in the nuclei of UV -irradiated epidermal cells 
than in those of nonirradiated cells. Western blots 
probed with antibodies against 4-hydroxy-2-non-
enal-modified proteins confirmed the involvement of 
reactive oxygen species in the epidermal damage 
induced by chronic UVB exposure. 3-Nitro-L-ty-
rosine was detected in western blots in a concentra-
tion-dependent manner, suggesting that peroxyni-
trite derived from the reaction of nitric oxide and 
superoxide, both of which were probably released 
from inflammatory cells, was involved in modifying 
the DNA bases. Therefore, the formation of 8-0HdG 
after UVB exposure appears to be regulated by at 
least three pathways: photodynamic action, lipid per-
oxidation, and inflammation and may playa role in 
sunlight-induced skin carcinogenesis. Key Ivords: oxi-
dati"e DNA damagellipid pel'Oxidatioll/,dtric oxide/carcino-
genesis. ] Invest De,,,,,,atol 107:733-737, 1997 
Roth. 1983; Mathews-Roth an d Krinsky, 1985), ROS may playa 
role in UVB-induced skin carcinogenesis. At present, it is not clear 
how ROS ar e involved in the UVB-induced skin carcinogenesis. 
Targets ofROS include DNA, proteins, and lipids. Of these, DNA 
appears to be more important in carcinogenesis, because it is firmly 
es tablished that cancer results from genetic alterations (Ruddon , 
1995). ROS induces several types of DNA dam age such as strand 
breaks, base modifications, and DNA-protein cross-links (Halliwell 
and Aruoma, 1993). 8-HydroA],-2'-deoxyguanosine (8-0HdG), a 
DNA base-modified product (Kasai and Nishimura , 1984; Halliwell 
and Aruoma. 1993) generated by ROS is mutation-prone (G:C to 
T:A) (Shibutani el aI, 1991) and has recently been shown to be a 
good marker for oxidative damage (Halliwell and Aruoma, 1993). 
It is established tllat hydroA],1 radical, singlet oxygen, or direct 
photodynamic action can be responsible fo r the fo rmation of 
8-0HdG (Kasai et al. 1992; Halliwell and Aruoma. 1993). 
ROS induces m embran e lipid peroxidation as well , initiating the 
free radical chain reaction. In tlus process, aldehydes are generated 
as final products. Of these, 4-hydroxy-2-nonenal (HNE), an Ci, /3-
unsatura ted aldehyde, produced almost excl usively from phospho-
lipid-bound arachidonic acid, has been demonstrated to be a 
reliable index ofROS-induced lipid peroxidation. as is indicated by 
its cytopathologic effects (Esterbauer et ai, 199 1) and by inuTIut1o-
lustochemical staining for HNE-modified proteins (Toyokulu et aI, 
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1994a). Fonnation of 3-nitro-L-tyrosine is evidence for nitric 
oxide-mediated oxidative damage in chronic inflammation (Kaur 
and Halliwell, 1994), because nitric oxide reacts with the superox-
ide radical to g ive peroxynitrite that nitrates aromatic amino acid 
residues such as tyrosine. In spite of these advances in free radical 
studies, there is thus far a paucity of data regarding the involvement 
of ROS in UV -induced epidermal damage. 
It was recently reported that UVB radiation induced 8-0HdG in 
c ultured mouse keratinocytes (Bechler el nl, 1992) . In a previous 
study we reported the formation of 8- 0HdG in the epidermis of 
hairless mice after exposure to a single large dose ofUVB (Hattori-
Nakakuki et ai, 1994) . In the current study, we evaluated the level 
of 8-0HdG after repeated UVB irradiation at a dose relevant to 
human exposures. In addition, we extended our research to 
elucidate the possible m echanism of 8-0HdG formation by assess-
ing the invol vement of lipid peroxidation and inflammation u sing 
specific antibodies. 
MATElUALS AND METHODS 
Animals Specific pathogen-free 'male hairless albino mice of the inbred 
strain HOS:Hr-l (6 wk of age, Hoshino Experimental Animal Farm, 
Sait"ma, Japan) were housed in plastic cnges and fed a basal diet (NF-2, 
Oriental, Tokyo, Japan) and tap water nd IibilulII. A total of 25 mice were 
used. 
UV Source "nd Exposure The UV SOUIce was a bank of six Toshiba 
FL20SE fluorescent sun lamps emitting a UVB wavelengtb ranging from 
280-320 nm, with a peak of 312.5 nm as previously described (Hattori-
Nakakuki c/ aI, 1994). Mice were placed in plastic cages; the floor was 25 cm 
below the lamps du ring UVB exposure. The average flux intensity at the 
cage floor measured with a UVR.-305/365D digital radiometer (Tokyo 
Kogaku Kikai K .K., Tokyo, Japan) was 9.3 l/m2/sec. The animals were 
divided into two groups oflline. Gro up J m;ce were exposed to 3.4 kJ UVD 
per m2 three times a w eek with an interval of 48 h, whereas group II mice 
were exposed to 16.8 kJ UVB per m2 three times a week with the same 
interva l. Aruma]s of ei,ch group were sncrificed immed;ately after the final 
UVB exposure (treatment of l, 2, or 4 wk; n = 3). Seven animals were used 
as llonirradia ted controls. Exposurc to 3.4 or 16.8 kJ/m 2 was approximately 
tw ice or 10 times the minimal erythema dose (ME]) for hairless albino 
mice, respectively. 
DNA Extraction Mice were sacrificed by ce rvica l dislocation, and 
irradiated back skin was immediately removed. Approximately 10 cm2 of 
skin was used for DNA extraction . After incubation at GO°C for 30 s in an 
aluminum foil boat with the dermal surface full y attached to the aluminum, 
subcutaneous tissue and most of the dermis were scraped off from the 
ep iderm is with tweezers, and the epidermis was thoroughly minced . These 
procedures were done on icc. DNA was extracted from the minced 
epidermis as previously described (Hattori-Nakakuki <I aI, 1994). The 
samples were incubated with DNase-free RNase (400 p.,g per ml, Wako, 
Osaka, Japan) for 1. h at 37°C followed by chloroform/ isoamyl alcohol 
extraction and ethano l precipitation. 
Analysis of 8-0HdG The DNA (- 40 p.,g) was digested by DNase I, 
alkaline phosphatase, and phosphodiesterase (Doehringer Mannheim, To-
kyo, Japan) and ana lyzed by hlgh performance liquid chromatography and 
electrochemical detector as previously described (Hattori-Nakakuki el aI, 
1994). 
Antibodies A polyclonal antibody agains t HNE-modified proteins 
(Uchida <I aI , 1993) was ll sed as well as the fo llowing monoclonal antibodies 
(MoAbs): HNEJ-2 specifi c for HNE-histidinc adduct (Toyokuni el aI, 
1995a), N45 .1 spec ific [or 8-0HdG (Osawa ct aI, 1995), TDM-2 specific for 
cyclobutane pyrimidine dimers , and 64M-2 specific for pyrimidine-pyrimi-
done (6-4) photoproducts (Mori et nl, '1991; Q in e/ aI, 1994) . A polyclonal 
antibody speci6c for 3-nitro-L-tyrosine (anti-Ilitrotyrosinc) was obtained 
from Upstate Biotechnology Incorporated (Lake placid , NY). 
Immunohistochcluistry Skin spccinlcl1s \ovcrc fixed in Bouin 's solution 
(Luna, 1.968) overnight, sequentially immersed in 50'},:, and 70% ethanol for 
24 h to remove picric acid, and dehydrated. Specimens werc then embedded 
in parafiin, SCGtiol1cd at 3.5 J.Llll , I110 1lntcd on g la ss sli des coated with 
poly-L-Iysine, and subj ected to either hematoxylin /eosin or immunohisto-
chemical stain;ng. In the la tter, the avidin-biotin complex method (I-Isu c/ 
aI, 1981) was used to detect cyclobutane pyrimidine dimers. pyrimidinc-
pyrimidollc photoproducts, or 8-0HdG. After 0.1 % trypsin treatment and 
denaturing of nuclea r DNA as previously described (Qin <I aI, 1994), 
specimens were incubated with normal rabbit serum (Dako, Kyoto, Japan; 
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Table I. The Amount of 8-0HdG Is Increased in 
Epidermal Cells After Chronic UVB Exposure 
Treatment Period 
Control (UV unexposed) 
Group I" 
1 wk 
2 wk 
4 wk 
Group JII, 
I wk 
2 wk 
8-0HdG/ I05 X dG 
2.45 :t 0.54 
3.92 :t 0.17' 
6.04 :t 0.45" 
6.08 :t 0.47" 
5.12 :t 0.58' 
14.91 :t 2 .38,/ 
The amount of 8-0HdG in epidermal cell s aftc r repeated UV13 exposure \Va 
measured by high performance liquid chrom:ltography and c l cctrQ(;: helll.ic~11 detector. 
Gro up I received 2 MED ofU V13 3 timcs a weck; g roup II received 10 MED ofUVB 
3 times a week , and rhe animals were sacrifi ced immediatel y .,(ter the final exposure 
(me.tIl :t SEM; n = 3 except for the un exposed cOlltro l: 11 = 7; ( p < 0.05, (/ P < 0.01 
lIS unexposed control by unpaired t tcst; " p < 0.005, lip < 0.000 1 b y one- f.1ctor 
analysis of va rian ce). 
di luted to 1 :75), then incubated with eithcr MoAb TDM-2 (dilured 1 :5000 
in phosphate-buffered saline), MoAb 64M-2 (diluted 1:1000) or MoAb 
N4S.1 (5 p.,g per ml), followed by biotin-labeled rabbit anti-mouse IgG 
serum (Dako; diluted I :300) , and finally avidin-biotin-alkal;nc phosphatase 
complex (Vector Laboratories, Burlingame, CA; di luted 1:100) . Substrate 
for alkaline phosphatase (black) was obta ined from Vector. 
Western Blotting The minced epidermis was homogenized in sodium 
phosphate buffer conta in;ng 1 % Non;det P-40, 1 mM phenylmethylsulfonyl 
Auoride, 0.1 mg tosyl arginine methyl ester per ml, and 5 mM ethylenedia-
minetetraacetic acid . Protein concentrations were determined with a BCA 
protein assay kit (Pierce, R.ockford, IL). After treatment with Laemmli 
sample buffer for 5 min at 100°C, the samples were run in duplicate on 
12.5% sodium dodecyl sulfate-polyac rylamide gels. One gel was smined 
with Coomassie briJljant blue, and the other was used for western blotting 
as previously described (Toyokul1i el al. 1995a). Driefly, proreins were 
transferred to polyvinyl;dene difluoride membranes, blocked with Block 
Ace (Dainihon Seiyaku, Osaka, Jnpan) and "'eated with the fo llowing 
antibodies: polyclonal antibody aga;nst HNE-modiflCd proteins, MoAb 
HNEJ-2, or anti-nitrotyrosine. Th;, was followed by reaction with horse-
radish peroxidase- conjugatcd goat anti-rabbit IgG (diluted 1 :1000-1 :2000: 
anti-HNE modified protein, anti-n.itrotyrosine) or rabbit anti-mouse IgG 
(diluted 1 :2000: HNEJ-2). Enhanced chemiluminescence immunoblotting 
detection reagents (Amersham, Buckinghamshire, England) were used for 
visualization by autoradiography. Mean density of the band area was 
measured using NIH Image (vcrsion 1.59) fj'ceware, wh.ich is availablc from 
the Internet by file transfer protocol fTom zippy.nimh.nih.gov, after obt,;n-
ing black and wrute image as PJCT files by Epson GT-8000 scanner. 
Statistical Analysis Statistical analyses were performed by an unpaircd t 
test and o ne- factor analysis of variance. 
RESULTS 
8-0HdG Is Increased in UVB-Irradiated Epidermis Forma-
tion of 8- 0HdG in the epidermis of hairless mice subjected to 
accumu lative doses of UVB irradiation is shown in Table I . In thi 
study, the absolute value of 8-0HdG in un expose d controls w as 
2.45 ± 0.54 8-0HdG/l0 5 x dG (mean ± SEM, n = 7). In group 
I, the 8-0HdG amount was 6.04 ± 0.45 (n = 3) after 2 wk of 
treatment and reache d a p lateau after a c umulative exposure of20.4 
kJ/m 2 • In group II, the 8-0HdG amount was approximately 2.5 
times higher than that of group I after 2 wk of exposure. The mice 
in group 11 died between 3 and 4 wk of treatment. 
Increase in HNE-Modified Proteins After Chronic UVB 
Exposure One of the dupli cate sodium dodecyl sulf:lte-polyac-
rylamide gels sta in ed with Coomassie brilliant blue reveal s that tbe 
same amount of proteins were loaded to each lane (Fig 1n) . A 
shown in Fig 1I1,c, sevenll proteins were d e tected in the UVB-
irradiated epidermis by both polyclonal (anti-HNE-modified pro-
teins) and monoclonal (HNEJ- 2) antibodies . Polyclonal antibody 
against HNE-modified proteins reacts with both HNE-histidine 
and HNE-cysteine adducts (Uchida el nl, 1993) whereas MoAb 
HNEJ-2 reacts specifica lly with HNE-histidine adduct (Toyokwu 
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Figure 1. 4-Hydro" .. y-2-nonenal (HNE)-modified proteins and 3-nitro-L-tyrosiue is increased in epidermal cells after chronic UVB 
exposure . Epidermal homogenate was prepared from the back skin of exposed or lIncx'Posed hairl ess mice. and 100 /-tg of protein in Laemmli sample buff'er 
were loaded to each lane. (a) Proteins were separa ted by sodium dodecyl sul f.1te-po lyacrylamide gel electrophoresis and transferred to polyvinylidene 
difluoride membrane. Blots were probed with (I,) polyc\onal antibod)' specitic for HNE-modified proteins; (e) MoAb HNEJ-2 specific for HNE-histidine 
adducts; (d) polyclonal antibody specific fo r 3-ni tro-L-tyrosine. c. nonirradiated control skin; 2-1 , 2-2 , and 2- 4 dellote samples &om group I mice (2 MED) 
after 1,2. and 4 wk ofUVB treatment. respectively. 10-1 and 10- 2 denote samples from grollp II mice (10 MED) after 1 and 2 wk of trea tment. respecti vely. 
et ai, 1995a) . The major prote ins reactin g with anti-HNE-modified 
proteins or HNEJ-2 were approximately 58 kDa (1.99- and 2.8 1-
fold increase after 2 wk treatm ent of 2 and 10 MED irradiation, 
respectively, by densitometry) and 13 kDa (1.53- and 3.19-fold 
increase, respectively) (Fig tb) or 54 kDa (2.29- and 2.5S-fo ld 
increase, respectively) (Fig 1e), respectively. In addition, we found 
a dose-dependent increase in the amount of HNE-modified pro-
teins d etected after repea ted UVB exposure as indicated above (Fig 
tb,e) . 
Increase in 3-Nitro-L-Tyrosine in Proteins After Chronic 
UVB Exposure Tyrosine residues of several proteins were ni-
trated in the UVB-irradiated ep.ide rll1is (Fig ttl). The molecular 
mass of the m ajor pro te in was approximately 66 kDa. T he amoun t 
of nitrated proteins was much higher in g roup II than in group I 
(1.97- and 3 .63-fold in crease afte r 2 wk treatment of2 and 10 MED 
irradiation, respectively, by densito11letry) . 
8-0HdG and Cyclobutane Pyrimidine Dimers Are Inlmu-
I DohistochemicaUy Demonstrated T issues treated with eith er 
A 
-
B 
phosphate-buffe red saline or nonimmun e mOll se IgG instead of the 
primary antibodies showed no sta ining. as expected (Fig 2A). The 
m aj o ri ty of th e epidermal basal cells of un trea ted mice showed 
nuclear staining with MoAb N 45 .1 specific for 8-0HdG (Fig 2B). 
[n contrast, epideml al cells of UVB-irradiated mice showed strong 
and extensive sta ining throughout the epidermis with MoAb N 45.1 
(Fig 2C,D) . Some infiltratin g neutrophils and m acrophages, as well 
as fibroblasts in the dermis, showed nuclear sta ining. A similar 
pattern of sta ining with MoAb N45.1 was observed after UVB 
treatment of 2- 4 w k . 
To evaluate the diffe ren ce in the distribution o f p yrimidine 
photoproducts, antibodies specific for cyclobutane pyrimidin e 
dimers (MoAb TDM-2) and pyrimidin e-pyrimidone (6-4) photo-
products (MoAb 64M-2) were used. T he majority of epidemlaJ 
ce ll s afte r UVB ilTadiation showed strong nuclea.r staining with 
MoAb TDM- 2. Furthermore, the pattern of staining o bserved w ith 
this m onoclonal antibody was similar to tha t w ith M oAb N45 .1 
(Fig 2E) . Only a few suprabasa l cells. however. showed weak 
nuclear staining with MoAb 64M-2 (Fig 2F). 
. , . 
-
c 
-
F 
-
Figure 2. 8-0HdG is increased by immunohistochemistry in the nuclei of epidermis of ha irless mice after chronic UVB irradiation and 
coexists with cyclobutane pyrinlidine dimers. (A) Nonirradiated epidermis, no antibody; (B) IlOnilTadiated epidermis stained with MoAb N4S .1 specific 
for 8-0HdG; (e) epidermis from a group I mOllse after I wk of treatment sta ined with MoAb N4S.1; (D) epidermis ITom a gro llp I mouse after 4 wk of 
ucatment stained with MoAb N4S.I; (E) epidermis fr0111 a group I mouse after 4 wk of treatment stained with MoAb TDM-2 specific for cyclobutane 
pyrimidine dimers; (F) epidermis fTom a group I mOllse aftcr 4 wk of treatment stained with MoAb 64M-2 specific for pyrilllidine-pyrimidone (6-4) 
photoproducts. Scale bal'. 100 /-tm. 
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DtSCUSSION 
It is known that UV radiation induces the production of ROS by 
photodynamic action (Foote, 1991; Kasai et nl, 1992), thus causing 
several kinds of DNA damage including strand breakage, base 
modifications, and DNA-protein cross-linkage. 8-0HdG is one of 
the major oxidatively modified DNA base products (Halliwell and 
Aruoma, 1993; Toyokuni et al, 1994b) and is mutation-prone (G:C 
toT:A transversion) (Shibutani el ai, 1991). It is established ill "Ura 
that either the hydro~1'1 radical or singl et oxygen induces the 
formation of 8-0HdG (Halliwell and Aruoma, 1993) . Photody-
namic action of riboflavin may be involved in the formation of 
8-0HdG (Kasai el al, 1992; Ito cl ai, 1993) . It is unknown , however, 
whether UV irradiation of the skin at a dose rclevant to human 
exposure e ither directly or indirectly causes oxidative DNA base 
. modification ill lIil'o. 
Recently, we demonstrated the formation of 8-0HdG in the 
epidermis of hairless mice subjected to a singl e large dose of UW 
(101 kJlm2) (Hattori-Nakakuki et ai, 1994) . In the current study we 
investigated whether repeated UW irradiation at a dose relevant to 
human exposures can induce ,\ccumulation of 8-0HdG U1 the 
epidermis and analyzed the factors that migbt modulate the forma-
tion of 8-0HdG. Repeated UVB exposures induced cyclobutane 
pyrimidine dimers and 8-0HdG simultancously in the epidermal 
cells (Table I, Fig 2C,D,E). This suggests that 8-0HdG is also one 
of the major modified DNA base products after UVB irradiation, 
although we cou ld not compare the absolute amount in this 
experiment. A low level of pyritl,idinc-pyrunidone (6-4) photo-
products (Fig 2F) could be attributed to the induction of rapid 
repair activity by chronic UYB exposure. 
We then assessed the involvement of ROS Ul epidermal damage 
by detecting HNE-modified proteins . The production of HNE-
modified proteins was dose-dependent (Fig Ib,c) . It has previously 
been reported that lipid pcroxidation Ciln mcdiate 8-0HdG forma-
tion ill lIilm (Park and Floyd, 1992). Thus, lipid peroxidation may bc 
another mechanism for the generation of 8-0HdG ill lIillo. The 
identiflcation of proteins specifically q"lOdified by l-INE is now in 
progress. We hypothesize that the 58-kDa and t3-kDa proteins 
detected by the polyclonal antibody have active cystein e residues . 
FurthemlOre, we itlVestigated the formation of3-nitrotyrosu.e in 
proteins to evaluate the effect of chronic inflammation of the skin 
after UVB exposure. An increase in 3-nitrotyrosine (Fig ttl) 
suggests that peroxynitrite was produced in the epidermis. Per-
oXYllitrite is generated by the reaction of nitric oxide with super-
oxide, released by infiltrating neutrophils and macrophages, and 
nitrates tyrosine residues of proteins (Ischiropoulos el al, 1992). 
Therefore, 3-nitrotyrosine is a good marker for chronic inflamma-
tory states (Kaur and HaJ1jwe1i, 1994). R ecently Inoue and Kawa-
nishi reported that peroAl'nitrite induces 8-0HdG in calf thymus 
DNA ill lIilm through an active intemlediate whose reactivity is 
similar to that of the hydroxyl radical (Inoue and Kawanishi, 1995). 
Therefore, it is possible that pero>"l'nitrite is also involved in m e 
formation of 8-0HdG in epidermis after chronic UVB irradiation. 
Antioxidant mctors including reductions in superox-ide dismutase 
and catalase (MiY;lchi el ai, 1987; Pence and Naylor, 1990; Shindo 
el ai, 1994), glutathione reductase (Fuchs ct. ai, 1989), and ubiquinol 
and a-tocopherol (Shindo et III, 1994) have been previollsly re-
ported after a single UVB exposure. In contrast, chronic UVB 
exposure for mOre than 12 wk raised the superoxide dismutase 
activity (Okada el nl, 1994). Temporary suppression of epiderma.l 
antioxidant activity by UV irradiation may be one of the factors 
giving rise to /Tee radical-induced formation of 8-0HdG. 
Previous studies have shown that there is a correlation between 
the pyrimidine photoproducts and skin carcinogenesis (Hutch.inson, 
1987). Nonetheless, some mutations in UVB-induced skin cancers 
cannot be explaiJled solely by the formation of pyrimidine photo-
products. Although the frequency is not high, G:C to T:A trans-
versions i.n rns oncogenes or p53 oncosuppressor gene are occasion-
ally found i.n mouse and human skin tumors of sun-exposed areas 
(van del' Schroeff el ai, 1990; Pierceall eJ ai, 1.991.; Nishigori el al. 
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1994; van Kranen el ai, 1995; Khan cl ai, 1996). This type of 
transversion mutation may be attributed to the formation of 
8-0HdG, as 8-0HdG can pair not only with cytosine but also with 
adenine, Ca USiJlg G:C to T :A transversions (Shibutani et ai, 1991). 
It was shown that the inflammatory response mediated by 
12-0-tetradecanoyl-phorbol-1 3-acetate, a potent prototype tumor 
promoter, induced the formation of oxidized bases including 
8-0HdG in the DNA of epidermal cells (Wei and Frenkel, 1991). 
It is of note that indomethacin, ;\11 anti-inflammatory drug, inhibits 
photocarcinogenesis (Reeve eI ai , 1995) . These repons confirm mat 
8-0HdG, resulting from chronic inRammation, may be associated 
with UYB-induced skin carcinogenesis. 
"R ecently, we and other investigators have found that the DNA 
of human cancers such as renal cell carcinoma and invasi\'e 
mammary ductal c8rcinoma is persistently exposed to more oxida-
tive stress than is the normal tissue, as is indicated by m easurements 
of8-0HdG (Okamoto eJ ai, 1994; Toyokuni e( ai, 1995b). 8-0HdG 
is expected to playa ro le not only in carci.nogenesis but also in 
tumor biology. 
In summary, we have shown increased levels of8-0HdG in the 
epidermis of hairless mice after repeated UVJ3 exposure in me 
physiologic range. The chemistry for the formation of 8-0HdG ill 
lIillO appears complex and involves photodynamic action, lipid 
peroxidation, and inflammation. OUf data sugges t that formation of 
8-0HdG plays a role in sunlight-induced skin carcinogenesis. 
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